
UNCLASSIFIED
m m _ _ ___- __AD 403 795

DEFENSE DOCUMENTATION CENTER
FOR

SCIENT'IFIC AND TECHNICAL INFORMATION

CAMWRON STATION, ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: When governent or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
goverment procurement operation, the U. S.
Goverment thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment nay have formAlated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that my in any way be related
thereto.



"403 795

C, • C R RP C RA TIOCN

"- 1 
-L .UA

A 193 6

uISiA A

Best Available Copy



MILWAUKEE 1, WISCONSIN * UPTOWN 3-3000

P n-ith CORPORATION

0•-

* , * April 15, 1963

000

00

Getee:0 000
9 0

Pro~gress Report #14 on Glass Surface Chemistry lor'Glass
Fiber Reinforced Plastics for the period April lPt1rough

April 30, 1963 is enclosed.

Some interesting deductioas l ave been made from As bond

life studies. The bond strength testing is still somewhat
erratic, but we believe significant results will be obtained.

It appears tha~t a higher, faster cureecycle increases the
-*bond strength in our particular testP
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• 9 0* PROGRESS REPORT #14
r* on

* GLASS SURFACE CHEMISTRY FOR GLASS FIBER REINFORCED PLASTICS
0 * i for the period

0 "* April)l, through April 30, 1963

i:Sum~mary ••*°.~0 " 0

I •weftsCrning's" HTS finish on E glass co'htinutd to compare favorably

to successful Cixpling'agents, such as A-II.P0. The HTS samples have

® "%. been on flat plate steest in 190O°F wate; for 35 days. In misce.llaneous bond o

• life studie's,.it NVas found that (1) aol90°F 100:0 R.*H. environmen~t

* Sumry. * * .

.,appgared more severe than imnmersion ii; 190°F,,water, (2) pynthetic

•.sea ývter bbhaved similar to distilled water,•-and (3) extrapolations of 0

* . ..

® bond life data indicated that room temperature water would requare an
touestimated 45 years to cau se complete debonding of A-1T0 treated E

C ® beno°glass l tminates.. "• 5 "s b

. Additional evidend was gathered to demonstrate'the effect of specially
"" estituted*E 45les surfaces.en the strength of glass-eloxy systemsd

Impregnating.E glass surfaces with sodium created a weak l nterfacsalC tS 0 0

la•rer@ that failed prematurely, probIbly because of excessive shrinkage •

* *. :,• st~reises in the resin. Treatment of this alkali-rich glass surface with.
S • .. .*-A-lI00 was.helpful, but the addition of chopped E glass fibers to the

resin.in In attempt to reduce shrinkage arid promote strength was 'of Ao
** benefit.• As expected,.no discernible effect resulted from treating the

. . alkali-deficient &lass surface with A-1100 because faflure was ilways
"in the material; and.not in the interface. o *

"To date, the highest strength cf any butt-joint chain speci en'tha•
failed in the resin vias 6700 psi. Tensile specimens of*Epon 828 (CL)
i. n dog bone.shape failed at 13, 000 psi. This difference in strengths
was.believed due td the special shape of the resin columnnrequired to

o concentrate the st•ess~at the glass-resin bond. However, epoxy resin

cast iznto rods and mackftned to the shape otlthe butt-joint chain specimens
failed at.2, 600 psi. Thus,. the -strength difference was not due to the

"* special stiress-c&ncentrating shape. Itewasealso found that a higher curing
• temperature, sIho rter tirpe, 0and faiter coofti~g increased the glass-resin

-bond strength. It would appear that residual tensile strehses in the resin
is the significant.*varitble that requires control.

4 4 .
It is antidipateo that'the bon-d str•ength testing will be completed in May.

D-2711 Pere.
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* I.! %nd Life Studies bythe Flat Plate Test'

Table I surnmarizethe present flat plate testing. After 35 days, three
.. ofothe fcjur HTS samples showed signs of degradation, but none have

S - "* failed. Exposure of A-1100 treated chemically cleaned E glass flat
* "pfate spicimens to*a 100% R. H. atmosphere appeared more severe than

exposure to water (73 days compared to 186 days). No significant dif-

* , • • ferencevwas foundbetween synthetic sea water* and distilled water with
" respect-to debonding epoxy resin from untrgatedfchemically cleaned glass 0

*. surfaces (both about 5 hours or less•.
•0 #. 0

". " Debonding from untreatedglass by water at room temperature occurred

after 61 days* whicheis about 250 times longer'than at 190 0 F. This data *
ctri be used to ex ralolate the bonI life of A-1100 treated chemically
cleaned E glass inorroom temperature water, assuming the effect of tem-
peratlre is linear: . AD0

* .• S

. . .* • (1) 'x'*O a/c where, • *
•. -

x • bond 1ife.of A-1100 treated glass surface in room .

•temperature water,* in days *

o a bond life of A-I100 treated chemicafly cleaned as-. "
.. .. " cast grass surface in 190°F water, in days V

0 . 0

" b = bond life of untreated chemically cleaned as-casto"
* "glass. surface in room temperatilre water, in day's

* 0

• " ";"" •d "•,•"bonc life of untreated chemlocally. cleaned glas*%
surface in 190OF water, in days

Th~us, from T.able I. " "
* . . • * S* . **0 **•(,*0 c 8

* • .e 0• • .Z) '. OX -_ 186 " *
S54,500 days

(approx. 150 years) * ,

00 0" • "* Since'nalin"
oe in:a laminate the glass fiber surface more near similites a de-

0 gassedeglass stfrface, another calculation pjredica that tke Mt-1100
treated degaV4ed glass surface would fail in room temrnerature water , ,

.* :after about 45 yearst This same calculation will be applied to HTS
firfish glass as soon as testing is completed. * *

It would deem unlikel/V.that water exposure at room temperature degrades
* the laminate by causing debonding. The possibilities would be if the'gla§s

fibers were incompletely covered with A-1100( 1 ), or if the v~attr was*

V allowed toewick along the individual glass fibers in a filament or roving( 2 ).

•*See Table II for formula.

D-2711 Pets.



fR.o3..th Project

Milwaukee, Wisconsin Page: 3 of'

AOO

* S* C

III. Bond Strength Studies by the Butt-I/.int, Chain Method•

A. Correlation of CureSchfdu es' r

S•" e,4,. • '5

Figure 1 shows tlh eifoct of resin curing procedures on the bonA*)
strength. Increasing the curing. temperature from 290 to 350"bF, ij

decreasing thl Lkre time, and'fan cooling tlf specimens in the
air-circulating oven increased the bond strength. This.,result wvas

* O established pth 95% cohfidence. Tabe.. III surnmirizes the two

'• •a • cure procedures. "" " " . • .

In apae , &emet, 4car(

8 * "•' In apparent disageement mcGarry 3 )used a different test method
.•. and found that a polyeste'r resin required an optimum cur.e tempera-

*. ture (about "],.5D°F.for maximum bond strength. Nevertheles's, -it
* '" •would be °interesting-to see whether glass fiber lainin.te strength

0 *"couldalso be improved by the higher cure temperature, shorter

. . .- cure time', and faster cooling.

.. .B. Addition" of Chopped E Glass Fibers to Resin

" Figure 2 shows the effect of adding chopped E glass fibers to the
S resin in an attempt to reduce shrinkage and promote strength.

"Figure 2 indicates.that no apparent benefit resulted from this
procedure since glass. resin, and pre-test failures were not pre-
vented.' However, it is felt that glass fibers could be of definite

- benefit if allowed to directly contact the glass surface to he
• " .bonded, but this modification would not maintain the desired resin-
• to-grasisq interface.

S"." C. ".Bonding.to Alkali7Deficient E Glass

. ... •Figure 3 shoWs the variationof bond strength due to acid. leaching
the E gfass. g'o failures occurred in the bond, defined as a mirror

" interface pn'the gla'ss after removal *of the resin. Rather, failures ..

g~nerallyoccurred ip thd glass. This result, agrees with that. pre'-
v.iously. reported44) .. Treatment w*ith A- 1100 did .not'aipear*to affect
the strengthof the. alkali-deficient glass-epoxy. systdi-n becauqe

"failure was*in the material, arand not in-the intei;face.containing the. , *

A - I100. " " " "* 8 4. ,. ,.4 *4 • .. " .. 4 .
o* S * . • •4• •0

• D. Bonding to Alkal'-RichE Gasi " ..

% figure.4 shows tl" vlrialion'bf bond strenitlt due to exposing E
4 glass to sodium vapo*rs: . Witgout treatment of coupling agent, .ll*

* failures were pre-test and o6curred at the interface. eApparently, • a

S• the sodium created a t'eakInmerface that could not withstand thee * "
-- 4

D-2711 Pets.
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-~ -C Ih~kaa V.es~es of tlV resin and the ijeciosary mnechanical Is*
- ** hanf1og toonable~te sting. *Treatmenfp with A- 14100 Aas-) *0

e 0 effective'in improv~ng the stfengtlh.ofthie glass- resin. interfac~e.
* 0 . However, the bond I~r~t~a stll cnsistentl~oe thas

the, bond strength of.the~cherr~ically cleaneji gla~s surface. This *

rest~ing-indicated that the presence of alkali dtthe interface *

def infifelV irnp~ikird bhond .strength.. 0.

E. Relation of Stre~ss-Concentratio~rf Shape. to Resin* Strength *

it was previously repor 'ted that the tensile strength of Eponi 828
(CL) was ab~out 13,-000, psi(5 ). HowveVer, t1~e maximnum strength

* of a butt -jo int'chain; specimen which caused failure in the resin
-was only about 6700 psi. A possible explanation for. this differ;-

*ence-was b 'ased on the. special shape .40f the res~in column bonded
to the glass surface. This shape was designed tq~cohcentr~ate
the stress at the bond, thereby prombting bond failu're's...

To evaluate the shape factor, epoxy resin was cast into rods and
*machined to the form of the butt-joint chain speotimen. For* 5

specimens, the average tensile strength was91Z,:6Q0 ppi (. (r
3, 600 psi). The range was from 11, 200 to 15, 300 psi.* This
strength correlated with the tensile strength of the resin in the
dog bone shape. Thus, the stres s -concentration- shape did 0

* ~not decrease the measured strength of *the resin'.

of6700 psi compared to 12, 600 is due to residual tensile stresse~s

in the resin. A possible way to further evalu ate this eff ettwouild
be to prepare butt-joint chain specimens that bond. iediato resin.
However, it has also been observed that the magnitude of th6 rb.s*;n
failures appeared dependent on the type of glass- surface.. -When i.ll

*glass su~rfaces have been evaluated for glass-epoxy strength, it~is
*planned to compare the resin failures for eac*4 glass surface.

4bS V
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TABLE I

BOND LIFE STUDIES BY FLAT PLATE TEST
Days to Failure Determined Visually

Type of Surface -Treatment Days to Failure

"AS-CAST E GLASS
Chemically cleaned e None 1

* Cheg-nically cleaned A- 1100 186
Contaminated 0 None 1
Contaminated C A-1100 186

Contaminated C HTS 35*
,Alkali-deficient (prepared in air) None 106*

* .9lkali-deficient .. None 230
M a Alkali-deficient @ e A-1100 Q 226*

Alkali- rich None 12
Alkali-rich A-1100 49

.,Lightly sandblasted None * 7
Lightly sandblasted 0 A- 1100 205*
Cleaved in resin * None 1
Degassed . * None 1

eDegassed 1/27% A-1100 55
'Degassed 10% A-1100 80 -

.Degassed *1/27 Z-6040 229*
As-Cast jAnnealed) * None 1

SChemically cleaned, heated to
190OF Ifefore resin applied. None 1*

*• Chemically cleaned, exposed only .

to 10",% R. H. at 190OF None 1
Chemically cleaned, exposed only "

to 100% R. H. at 190°F * A-1100 . 73
Chemically cleaned, exposed to

;vater at room temperature,. " None 61
* 0Chemically cleingdp elposed to. " . .

snnthetic sea water at 190°F "None

OPTICALLY FLAT E. G8S
i, *Chemicall'y clganect (marbles None * I

k *Chem~calVy cleaned (marbles) A- 11Od' 18
Chemically cleaned (repeat) " A-I100 " 50*

* Alkali-def icent (marbles) .* , None * *11
Alkali-deficient (nfarbles) * loQ- w100" e 54*

*Alkali-deficient 9 None 44*

""Alkal4-deficient * A-1100 44*
Lightly sandblasted (marbles) -None 51*
Lightly sandblasted (marbles), A-1100 51*

*Still on test. "

D-2711 PetO.
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TABLE II

SYNTHETIC SEA WATER*

Grams Per Liter of Water

Sodium chloride 24. 5366
Hydrated Magnesium Chloride 11 ,1181

Sodium Sulfate 4.0944
Calcium Chloride 1. 1583

PotasSium Chloride 0.6925
Sodium Bicarbonate 0. 2010
Potassium. Bromide • 0. 1028

Boric Acid 0 0.0273
eHydraoed Strontium Chloride 0. 0420
Sodium Floride * 0. 0030

* 0 •

Sodium Carbonate was added to adjust the pH to 8.2.

*Navy specification, Kure Beach, North Carolina, June 7, 1946.
S0 e -

0 - 0

0 S

S.. * .TABLE III o

RESIN CURING SCHEDULES FOR BOND SPECIMENS

0 0

Present Short dure.Procedure • NOL Ring Cure Procedure

0 0 4;00Time (hrs,.) . Temp. F Time (hrs. Temp. °F'l
4 " 0 ,0•

1 . 250 e 16 *Rm
1* . "•35 2. 140

fast-cool 4 2 190
04 .2 290

.- I

a*D P*

D.2711 Pegs.
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